Background: Evidence has shown that survivors of pediatric brain tumors have
| INTRODUCTION
With the advances in cancer screening and medical treatment, the survival rates for all types of childhood cancer are now higher than ever before. 1 Nevertheless, a large body of evidence shows that cancer and its treatments have long-term and lasting adverse effects on the psychological well-being and neurocognitive functioning of childhood cancer survivors. 2, 3 In particular, survivors of pediatric brain tumors reportedly have more negative psychological and cognitive sequela than do survivors of other childhood cancers. 4 The long-term neuropsychiatric conditions in cancer survivors, such as depression, anxiety, and behavioral and social problems, may result from damage to neural cells as a result of a brain tumors or its treatment, as well as potential interactions with psychological adjustments. 4, 5 Of these adverse psychiatric conditions, depression is the most commonly experienced symptom by survivors of pediatric brain tumors. 4 A systematic review of 17 research papers with 5320 survivors of pediatric brain tumors revealed these individuals to have significantly higher depressive scores than survivors of any other cancer type. 4 Additionally, survivors of pediatric brain tumors are more than 2.6 times, as likely to develop depression, than their sibling counterparts. 6 Evidence indicates that high level of depression experienced by pediatric brain tumor survivors could be attributed to the combined effect of cancer diagnosis with comparatively poor prognosis, worry for recurrence, and impaired physical, neurocognitive, and psychosocial functioning. 7 As well as depression, potential late effects in childhood brain tumor survivors, such as distorted self-esteem, remain a profound concern. Self-esteem has been regarded as a vital element of one's psychosocial well-being. 8 A cohort study with 697 adult survivors of pediatric brain tumors found that the survivors possess significantly lower levels of self-esteem than healthy individuals. 9 This may be a result of persistent changes in survivors' physical appearance, including presence of visible scars, hair loss or even long-term alopecia, head or neck disfigurement, and short stature.
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Pediatric brain tumors survivors' quality of life is severely compromised because of the devastating effects imposed by the tumor and sequela of its treatment, which appear across domains of cognitive, physical, and psychological functioning. 4, 5 Coping with psychological sequela is a distressing experience for survivors of pediatric brain tumors, leading to long-term decrement of their quality of life.
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Although pediatric brain tumor survivors in Hong Kong receive regular medical follow-ups after completing the entire course of cancer treatment, these principally focus on their physiological health.
At present, there is a lack of intervention studies that aim to promote psychological well-being, such as reducing depressive symptoms and enhancing quality of life. A review of the literature has revealed that no study to date has investigated how nonpharmacological interventions might alleviate the psychological sequela in pediatric brain tumor survivors in Hong Kong.
There has been an increase in the use of musical training to promote neurorehabilitation of patients with stroke and Parkinson's disease 12, 13 and to alleviate depressive symptoms in hospitalized children. 14 Moreover, musical training has been found to enhance children's self -esteem. 15 Self-esteem is defined as an individual's selfevaluation and perception of his or her value, ability, and self-worth in relation to the appraisal and feedback received from others and from society. 8 Unlike other play activities, musical training is an activity that calls upon a wide variety of skills, such as attention and motor control of musical instruments, memorizing long musical passages, and translating the passages into sequential, bimanual motor activities. The development and acquisition of musical skills from musical training is thus a significant personal accomplishment. 16, 17 According to McCormick and McPherson, 18 this sense of achievement is particularly crucial in the development of positive self-esteem.
Musical training has also been found to be effective in reducing depressive symptoms in patients with psychiatric illness. 14 
Musical
training allows children to process their negative emotions in an alternative, nonverbal way when they cannot find words to express themselves. 14 Furthermore, musical training is enjoyable because of the involvement of the limbic system. 19 Specifically, it stimulates the secretion of dopamine, a neurotransmitter that creates pleasurable sensations, 20 thus provoking positive mood change 21 and a relaxation response. 22 Therefore, musical training has been considered an effective method for minimizing symptoms in a number of diseases that involve dopaminergic dysfunction, including depression. 23 There is some evidence that childhood depression may be caused by negative psychological traits, such as low self-esteem. 24 In addition, a previous study showed that higher self-esteem in childhood cancer survivors was associated with lower depressive symptoms and better quality of life. 25 Nevertheless, it is unclear whether musical training can be used to enhance self-esteem, reduce depressive symptoms, and improve quality of life in pediatric brain tumor survivors. There is an imperative need for rigorous empirical scrutiny of the efficacy of musical training. This study aimed to examine the efficacy of musical training on depressive symptoms, level of self-esteem, and quality of life in Hong Kong Chinese pediatric brain tumor survivors.
2 | METHODS
| Design
We conducted a randomized controlled trial using a two-group pretest and repeated posttest between-subject design. Participants were Participants were assessed for expiratory function and fine motor skills to ensure that the experimental group would be receptive to musical training. These assessments were performed by one of the research team members and the executive director of the Music
Children Foundation, and a musician with more than 25 years of musical teaching experience.
According to the Hospital Authority, 27 an average of only 25 children developed brain tumors from 2011 to 2014 in Hong Kong.
Because of the rarity of brain tumors in children and adolescents in Hong Kong, the sample size was based on the availability and voluntary participation of eligible participants. A total of 60 pediatric brain tumor survivors were eventually recruited.
| Randomization and masking
Participants were randomly allocated to the control or experimental group. Randomization was performed by a research team member who opened a serially labeled, opaque, and sealed envelope, which contained a card indicating the randomly allocated group. That team member was independent of those who recruited participants and provided interventions. The random numbers used for group assignment were generated before participant recruitment by another research team member using a personal computer. Allocation concealment was ensured. To ensure privacy and to prevent the possibility of interactions between the two groups, participants received detailed information by phone about the intervention in which they would be participating. This was an open-label trial because participants were not blinded to the group assignment. One-to-one musical training was conducted by qualified orchestral performers at the participants' homes. The participants were assigned a particular musical instrument to learn, and this was based on their interests as well as their capabilities (eg, fine motor skills and expiratory function), which was assessed by the training musician.
The musical training was implemented at the participants' homes to facilitate favorable learning environments. Training began at the lowest level (hitting simple notes) and ended at the highest level (able to play an entire song). The participants continued to the next level if they passed the relevant test; those who did not were encouraged to repeat tests.
To ensure that the intervention has an adequate effect on outcomes, an advisory committee was set up to develop the musical training intervention protocol. Please see additional supporting information for the intervention protocol and the methods to safeguard the fidelity of musical training.
| Placebo control group
Participants in the control group were invited to participate in a placebo control intervention. This intervention was designed to mimic the same amount of time and attention required by the experimental group but to have no specific or a minimal effect on the dependent variables of the study. As in the experimental group, participants 
| Ethical issues
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For details of recruitment and data collection procedures, please see additional supporting information.
| Statistical analysis
All statistical analyses were conducted using Statistical Package for the Social Sciences (SPSS) version 23.0 for Windows (IBM Corp, Armonk NY, United States). We adopted the intention-to-treat approach in the analysis. Descriptive statistics were used to calculate the mean scores, standard deviations, and score ranges of the various scales.
The comparability of the two groups was assessed using inferential statistics, including independent t tests and chi-squared tests. A mixed between-within-subjects analysis of variance (ANOVA) was conducted to examine the effect of the interventions on the study outcomes. Post hoc pairwise comparisons using the Tukey test were conducted to compare group mean scores if significant effects were observed.
| RESULTS
A total of 78 pediatric brain tumor survivors who attended the pediatric oncology outpatient clinic and their parents expressed interest in joining the study. Of these, 15 participants had a CES-DC score less than 16, and three had an MMSE score less than 18, and were therefore excluded from the study. The remaining 60 survivors (8-15 years old)
were randomly assigned to the experimental (30) or control (30) groups.
One participant in the experimental group discontinued the trial because of cancer recurrence, and three participants in the placebo control group dropped out because of lost interest in the study. Thus, the attrition rate was 6.7%. Those who dropped out and those who completed the study did not differ with respect to demographic data, clinical characteristics, or baseline data.
The attendance rates for both groups were high. In the experimental group, 24 participants (80%) attended all training sessions; three (10%) were absent from one session, two (6.7%) from two sessions, and one (3.3%) from three sessions. In the control group, 25 participants (83.3%) joined all sessions; three (10%) were absent from one session and two (6.7%) from two sessions.
There were no significant differences in the demographic, clinical, or baseline data between the experimental and control groups (Table 1) . Table 2 summarizes the findings of primary and secondary outcomes from the mixed between-within-subjects ANOVA test.
There were statistically significant main effects for the intervention on all outcomes, indicating that the intervention group had significantly lower mean scores of depressive symptoms, and higher mean scores of self-esteem and quality of life than the control group during the 12-month study period. Following the commonly used Cohen's 34 guideline, the effect sizes for the musical training intervention on the depressive symptoms, level of self-esteem, and quality of life were moderate. Table 3 shows the results of post hoc comparisons for depressive symptoms, level of self-esteem, and quality of life at each time point.
Significant between-group differences in depressive symptoms and self-esteem were observed at T2 and T3, and statistically significant between-group differences in quality of life L was only observed at T3.
| DISCUSSION
To the best of our knowledge, this is the first study to evaluate the efficacy of musical training to reduce depressive symptoms and to enhance self-esteem and quality of life in pediatric brain tumor survivors.
It is well documented that survivors of pediatric brain tumors suffer more negative psychological and cognitive sequela than do survivors of other childhood cancers, and have more depressive symptoms. 4 Of the initial 78 pediatric brain tumor survivors initially recruited, 63 had a CES-DC score of 16 or above, which indicated that they experienced some depressive symptoms. A previous study on Hong Kong Chinese childhood cancer survivors revealed that 52.6% participants presented some depressive symptoms, as measured by the CES-DC, which is higher than other studies reported in the west. These include social network support groups 35 and physical and psychosocial support programs, such as rehabilitation therapy, music therapy, and yoga special educational programs led by qualified teachers. Unlike depressive symptoms and self-esteem, the quality of life of pediatric brain tumor survivors in the experimental group was significantly better than the control group at the 12-month follow-up. This is in accordance with previous studies, 37, 38 whereby improvements in quality of life may require longer to emerge.
The findings are in accord with previous studies, 14,15 which contributes to the evidence that musical training can help reduced depressive symptoms, enhance self-esteem, and promote quality of life. Most importantly, this study generates new evidence on the efficacy of musical training in promoting psychological well-being and quality of life in pediatric brain tumor survivors.
| Limitations
This study had some limitations. First, all participants were recruited from one pediatric oncology unit. Although this is one of the two largest pediatric oncology units for childhood cancer survivors in Hong Kong, the sample selection might limit the generalizability of the results. Additionally, this study did not incorporate power analysis to calculate the sample size. With a sample of 60, the study might have been underpowered, and the findings can only be regarded as "preliminary." Although the population size for pediatric brain tumors in Hong Kong is small, future studies should aim to study larger samples, particularly to examine the relationship between musical intervention and survivors' quality of life.
| Implications for practice
This study provides evidence that highlights the potential for musicbased rehabilitation treatments to alleviate the psychological sequela for these pediatric brain tumor survivors. The results of this study may help inform parents and health care professionals that musical training is not only a leisure activity but also carries therapeutic effects.
Moreover, the findings promote accountability and responsibility 
